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Description 



AIR GAP INTERCONNECT STRUCTURE 
AND METHOD OF MANUFACTURE 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
device processing and, more particularly to interconnect 
structures having air gaps between adjacent conductive 
lines. 

[0002] The evolution of integrated circuits toward higher com- 
plexity and decreased size has lead to closer spacing be- 
tween the conducting wires (lines). Resulting capacitance 
increase produces time delays and creates cross-talk be- 
tween the wiring elements. Current semiconductor fabri- 
cation techniques typically comprise many conductive 
wiring levels to complete the final working integrated cir- 
cuits. 

[0003] Semiconductor devices are typically joined together to 
form useful circuits using what is called "interconnect 
structures." These interconnect structures are typically 



made of conductors such as copper (Cu) or aluminum (Al) 
and dielectric materials such as silicon dioxide (SiO^). The 
speed of these interconnects can be roughly assumed to 
be inversely proportional to the product of the line resis- 
tance (R), and the capacitance (C) between lines. To re- 
duce the delay and increase the speed, it is desirable to 
reduce the capacitance (C). This can be done by reducing 
the dielectric constant (k), of the dielectric material due to 
the relationship C = keoA/d, where go is a universal con- 
stant, A is the coupling area, and d is the distance be- 
tween two conductors. Decreasing the dielectric constant 
(k) leads to a direct decrease in capacitance (C). Conven- 
tional silicon dioxide has a dielectric constant (k) of ap- 
proximately 4.1. A variety of "low-k" materials are known, 
such as SILK™, an organic polymer with k = 2.65 sold by 
Dow Chemical, and Black Diamond"^"^, a organosilicon glass 
with k of 2.7 to 3.0, sold by Applied Materials. 
[0004] (resistance-capacitance resonant) losses in the wiring 
levels of integrated circuits (ICs) make significant contri- 
butions limiting the final performance of the final semi- 
conductor product. Therefore, the overall performance 
can be improved by reducing these RC losses. Using low-k 
materials such as SICOH, SILK are currently use as the di- 



electric between the metal line but air voids introduce 
ways to decrease these capacitance losses even further. 
Many techniques have been proposed to produce these 
structures - for example U.S. Patent Nos. 6,316,347; 
6,380,106; 6,498,070; and 5,923,074 often using the de- 
composition of polymeric layer to create these gaps. 

[0005] Commonly-owned U.S. Patent No. 6,472,740 discloses 

self-supporting air bridge interconnect structure for inte- 
grated circuits. A method for forming a multilevel inter- 
connect structure for an integrated circuit is disclosed. In 
an exemplary embodiment of the invention, the method 
includes forming a starting structure upon a substrate, 
the starting structure having a number of metallic con- 
ducting lines contained therein. A disk is bonded to the 
top of said starting structure, the disk including a plurality 
of mesh openings contained therein. The mesh openings 
are then filled with an insulative material, thereby forming 
a cap upon the starting structure, wherein the cap may 
structurally support additional interconnect layers subse- 
quently formed there atop. 

[0006] U.S. Patent No. 6,261,942 discloses dual metal-oxide 

layer as air bridge. A method for introducing air into the 
gaps between neighboring conducting structures in a mi- 



croelectronics fabrication in order to reduce the capacita- 
tive coupling between them. A patterned metal layer is 
deposited on a substrate. The layer is lined with a CVD- 
oxide. A disposable gap-filling material is deposited over 
the lined metal layer. A two layer "air-bridge" is formed 
over the gap-fill by depositing a layer of TIN over a layer 
of CVD-oxide. This structure is rendered porous by sev- 
eral chemical processes. An oxygen plasma is passed 
through the porous air-bridge to react with and dissolve 
the gap-fill beneath it. The reaction products escape 
through the porous air-bridge resulting in air-filled gaps. 

[0007] U.S. Patent No. 6,316,347 discloses air gap semiconductor 
structure and method of manufacture. The method in- 
cludes providing a substrate having metallic lines thereon. 
A high molecular weight sacrificial film is formed over the 
substrate. A portion of the high molecular weight sacrifi- 
cial layer is removed to form spacers. A dielectric layer is 
formed over the substrate, the top surface of the metallic 
lines and the spacers. Finally, a thermal dissociation oper- 
ation is conducted to remove the spacers, thereby forming 
an air pocket on each sidewall of the metallic lines. 

[0008] U.S. Patent No. 6,380,106 discloses method for fabricat- 
ing an air gap metallization scheme that reduces inter- 



metal capacitances of interconnect structures. A metliod 
of manufacturing a metallization scheme with an air gap 
formed by vaporizing a filler polymer material is de- 
scribed. The filler material is covered by a critical perme- 
able dielectric layer. The method begins by forming 
spaced conductive lines over a semiconductor structure. 
The spaced conductive lines have top surfaces. A filler 
material is formed over the spaced conductive lines and 
the semiconductor structure. The filler material is prefer- 
ably comprised of a material selected from the group con- 
sisting of polypropylene glycol (PPG), polybutadine (PB) 
polyethylene glycol (PEG), fluorinated amorphous carbon 
and polycaprolactone diol (PGL) and is formed by a spin 
on process or a CVD process. The filler material is etched 
back to expose the top surfaces of the spaced conductive 
lines. Next, the semiconductor structure is loaded into a 
HDPCVD chamber. In a critical step, a permeable dielectric 
layer is formed over the filler material. The permeable di- 
electric layer has a property of allowing decomposed gas 
phase filler material to diffuse through. In another critical 
step, the filler material is vaporized, changing the filler 
material into a vapor phase filler material. The vapor 
phase filler material diffuses through the permeable di- 



electric layer to form a gap between the spaced conduc- 
tive lines. An insulating layer is formed over the perme- 
able dielectric layer. 

[0009] U.S. Patent No. 6,498,070 discloses air gap semiconductor 
structure and method of manufacture. The method in- 
cludes forming a sacrificial polymer film over a substrate 
having metal lines thereon. A portion of the sacrificial 
polymer film is subsequently removed to form first spac- 
ers. A micro-porous structure layer is formed over the 
substrate and the metal lines and between the first spac- 
ers. A portion of the micro-porous structure layer is re- 
moved to form second spacers. The first spacers are re- 
moved by thermal dissociation to form air gaps. A dielec- 
tric layer is formed over the substrate and the metal lines 
and between the second spacers. 

[0010] U.S. Patent No. 5,923,074 discloses low capacitance inter- 
connect structure for integrated circuits using decom- 
posed polymers. A low capacitance interconnect structure 
and process is provided for integrating low-k decom- 
posed polymers into integrated circuit structures and pro- 
cesses, especially those requiring multiple levels of inter- 
connect lines, for reduced capacitance over prior art 
structures. Embodiments use polymers which typically de- 



compose into gases with lower dielectric coefficients than 
the original polymer to provide a lower dielectric constant 
material between conductive interconnects on an inte- 
grated circuit. The materials are decomposed after being 
sealed in with a cap layer to prevent contamination of the 
gas filled void left after decomposition. The technique 
also combines the advantages of SiO^ with low dielectric 
decomposed polymers by placing the low decomposed 
material only between tightly spaced lines. The low-k 
polymer material can be applied by spin-on techniques or 
by vapor deposition. 
Summary of Invention 

[oo^^] \i \s a general object of the invention to provide an im- 
proved technique for forming air gap bridges in semicon- 
ductor interconnect structures. 

[0012] According to the invention, a method is provided for 

forming air gaps in a starting structure on a semiconduc- 
tor substrate comprising: 

[0013] depositing a first layer comprising a first material on the 
starting structure; depositing a second layer comprising a 
second material on the first layer; 

[0014] patterning the second layer, resulting in gaps between 
portions of the second layer; and 



[0015] subjecting the substrate to a highly oxidizing environment 
so that the first material will substantially completely de- 
compose into volatile products and the second material 
will partially decompose leaving a thin membrane layer. 

[0016] The starting structure is suitably a wiring layer 

(interconnect structure) comprising conductive lines which 
may be disposed atop an underlying layer or disposed 
within a dielectric layer. The membrane seals off air gaps 
between adjacent conductive lines. 

[0017] The present invention provides a method for creating low 
dielectric voids in semiconductor structures using a thin 
patterned membrane created by oxidation of a polymer 
layer containing oxidizing elements (e.g., Si). A dual layer 
of polymeric material is deposited with a base layer resist 
and top layer resist onto an integrated circuit structure 
with topography. The base layer planarizes the surface 
and fills in the native topography. The base layer decom- 
poses almost completely when exposed to an oxidizing 
environment. The top layer contains a high composition of 
oxidizing elements and is photosensitive (i.e., the layer 
can be patterned by exposing normal lithographic tech- 
niques.). The patterning allows the creation of escape 
paths for the decomposition products of the underlying 



base resist. This structure is decomposed in an oxidizing 
ambient (or plasma) leaving behind a thin carbon- 
containing membrane. This membrane acts as a "lid" or 
"tabletop" (depending on the initial integrated circuit sur- 
face) which seals off the air gaps, preventing future di- 
electric depositions from filling in the air gaps. 

[0018] The present invention advantageously combines a patter- 
ing process with a gap formation process where the air 
gaps can be patterned in the semiconductor structure. 
This technique allows the precise patterning of the air 
gaps and thereby allows easy tailoring of the RC improve- 
ments with mechanical stability of the structure. By com- 
bining the membrane layer with the patterning layer this 
also simplifies the process over deposition of a membrane 
followed by a separate patterning and etch. 

[0019] The present invention differs from the techniques previ- 
ously proposed in that is allows easy patterning to place 
air gap only in the desire areas and also to create vents 
for the escaping products of the decomposing base layer 
polymer, thereby, creating structures that can optimize 
thermal stability with capacitance reduction between the 
wiring lines. 

[0020] The general idea of decomposing polymers to create air 



gaps has been previously proposed in a number of earlier 
patents, discussed hereinabove. These differ in structure 
and process with many focusing on the technique to allow 
the by-products from the decomposition of the polymer 
fill layer to escape - for example, through a permeable 
overlying layer (or mesh). In contrast thereto, the present 
invention utilizes lithographic patterning to create distinct 
escape paths for the byproducts of polymer fill decompo- 
sition. The membrane itself is relatively impermeable. 
[0021] In one embodiment of the invention, a patternable bilayer 
resist is used so that the patterning and capping layer are 
combined into a single layer, and the decomposition and 
formation of the "tabletop" layer occur in the same ther- 
mal or plasma treatment. Bilayer resist technology where 
Si has been incorporated into the resist chemistries to im- 
prove etch resistance to containing chemistries. Ther- 
mal decomposition has been previously suggested to re- 
move the sacrificial polymer layer, but the present inven- 
tion can advantageously utilize lower temperature plasma 
decomposition. 

[0022] An advantage of the present invention is that polymer gap 
fill can be removed simultaneously with (in the same step 
as) creating the capping layer. Another advantage is the 



ability to pattern tlie top layer using a photosensitive 
polymer. 
Brief Description of Drawings 

[0023] The structure, operation, and advantages of the present 
invention will become further apparent upon considera- 
tion of the following description taken in conjunction with 
the accompanying figures (FIGs.). The figures are intended 
to be illustrative, not limiting. Certain elements in some of 
the figures may be omitted, or illustrated not-to-scale, for 
illustrative clarity. The cross-sectional views may be in the 
form of "slices", or "near-sighted" cross-sectional views, 
omitting certain background lines which would otherwise 
be visible in a "true" cross-sectional view, for illustrative 
clarity. 

[0024] FIGs. 1-6 are side cross-sectional views of a sequence of 
steps, according to a first embodiment of the invention. 

[0025] FIGs. 7-11 are side cross-sectional views of a sequence of 
steps, according to a second embodiment of the inven- 
tion. 

Detailed Description 



[0026] In the description that follows, numerous details are set 
forth in order to provide a thorough understanding of the 



present invention. It will be appreciated by those skilled in 
the art that variations of these specific details are possible 
while still achieving the results of the present invention. 
Well-known processing steps are generally not described 
in detail in order to avoid unnecessarily obfuscating the 
description of the present invention. 
[0027] In the description that follows, exemplary dimensions are 
presented for an illustrative embodiment of the invention. 
The dimensions should not be interpreted as limiting. 
They are included to provide a sense of proportion. Gen- 
erally speaking, it is the relationship between various ele- 
ments, where they are located, their contrasting composi- 
tions, and sometimes their relative sizes that is of signifi- 
cance. 

[0028] Figures 1-6 illustrate a first embodiment of the invention. 
Figures 7-11 illustrate a second embodiment of the in- 
vention. In the first embodiment, the invention is imple- 
mented in conjunction with a "mesa" type incoming 
(starting) structure having features atop a surface. In the 
second embodiment, the incoming structure is a "trough" 
type structure, having features extending into a surface. 
These two embodiments are shown separately but both 
embodiments could be implemented on a single inte- 



grated circuit (IC) chip. 
[0029] Figure 1 sliows an integrated circuit (IC) 100 comprising a 
substrate 102, a layer 110 atop the substrate, and a 
wiring level (collectively referred to as "120") comprising a 
plurality of conductive lines 120a, 120b, 120c and 120d 
disposed atop the layer 110. The layer (level) 110 can be 
diffusions, an underlying interconnect layer, an interlevel 
dielectric (ILD), etc. An underlying ILD 110 often com- 
prises silicon oxide or low-k dielectric material. There are 
gaps (or voids) 122a, 122b, 122c (collectively generally 
referred to as "122") between adjacent ones of the con- 
ductive lines 120. This represents atypical incoming 
(starting) interconnect (wiring) structure (level) used in IC 
manufacturing. 

[0030] The conductive lines 120 of the starting structure com- 
prise a conducting material such as aluminum (Al), copper 
(Cu) or tungsten (W). This structure can be achieved a 
number of ways, such as (i) by deposition of a planar 
metal followed by a lithography process which patterns a 
masking layer then etching away the unpatterned material 
or (ii) by using a damascene process in create a metal pat- 
tern in the base dielectric, then etching the base dielectric 
away exposing the pattern metal. 



[0031] In the past, the gaps 122 between the conductive lines 
were filled with a solid dielectric material, to support the 
construction of a subsequent wiring level. It is now con- 
sidered to be desirable to "fill" these gaps 122 between 
the conductors with air or with a gas, rather than with a 
solid dielectric material, and then to cap them off, as dis- 
cussed in commonly-owned U.S. Patent 6,472,740 which 
discloses a self-supporting air bridge interconnect struc- 
ture for integrated circuits. 

[0032] A dual layer of polymer based material, is deposited on 
the starting structure, as shown in Figure 2. Typically, 
these materials would be deposited using spin on tech- 
niques. 

[0033] The first, bottom (lower) layer 130 is a base resist material 
which can be easily decomposed at relatively low temper- 
atures or in an oxygen plasma, and it does not have to be 
photosensitive. An example is a polymer based material. 
The first layer 130 can be a material selected from the 
group consisting of polypropylene glycol (PPG), polybuta- 
dine (PB) polyethylene glycol (PEG), fluorinated amorphous 
carbon and polycaprolactone diol (PCL). The first layer 130 
fills the gaps 122 and covers the conductive lines 120. 
The first layer 130 is preferably substantially planar. 



[0034] The second, top (upper) layer 140 also comprises a poly- 
mer based material which is easily decomposed at low 
temperatures or in an oxygen plasma, but it has a high 
content of an oxidizable component. An example is a re- 
sist containing a high composition of silicon (Si), or alu- 
minum (Al) or any metal which forms a strong coherent 
oxide film upon oxidation. The layer 140 is photosensitive 
so it can be easily patterned by exposing to electromag- 
netic radiation, in a conventional manner (e.g., pho- 
tolithography). The second layer 140 covers the first poly- 
mer layer 130. As discussed in greater detail hereinbelow, 
when the dual layer 130/140 is exposed to a highly oxi- 
dizing environment, the top layer 140 will partially de- 
compose leaving a thin oxide layer (membrane 150, de- 
scribed below) behind, and the bottom layer 130 will sub- 
stantially completely decompose into volatile products. In 
order to create a relatively flat membrane (150, described 
below), the top surface of the underlying layer 130 should 
be relatively flat. 

[0035] The first layer 130 is shown extending between (in the 

gaps 122) and atop the conductive lines 120 of the start- 
ing structure. The height of the conductive lines would be 
dependent on the desired resistivity and aspect ration for 



eventual ILD fill. For example, the conductive lines 120 
have a height up to 4 times the critical feature and a dis- 
tance between adjacent conductive lines (e.g., between 
120a and 120b) could be as small as Yi (one-half) the 
minimum feature size. The minimum feature size is de- 
creasing with each generation of semiconductor. In 1988, 
0.5 micron was cutting edge minimum pitch size while in 
2003 it was reduced to nearly 0.1 micron. This invention 
has been demonstrated on 0.11 technology with trenches 
that were 200 nm deep where the resist thickness were on 
the order of 800 nm for the first layer and 150 nm for the 
second. The limitation on the thickness of the first layer 
would be its ability to planarize the underlying topogra- 
phy and the ability to control the membrane"s location 
during the decomposition/oxidation that also creates the 
membrane described below. 
[0036] The next step is to pattern the top polymer layer 140 us- 
ing a conventional photolithography process, as illus- 
trated in Figure 3, selectively removing portions of the top 
layer 140 and leaving behind other portions of the top 
layer 140 - designated 140a and 140b in this figure. The 
portions 140a and 140b of the top layer are generally 
coplanar with each other and parallel to the surface of the 



substrate 102, and they are laterally spaced apart from 
one another atop the underlying first polymer layer 130. 
There is a gap 142a to the left (as viewed) of the portion 
140a, a gap 142b between the portions 142a and 142b, 
and a gap 142c to the right (as viewed) of the portion 
140b. Areas on the surface of the underlying polymer 
layer 130 are exposed by these gaps 142a, 142b and 
142c (collectively referred to as "142") - in other words, 
they are no longer covered by portions of the overlying 
polymer layer 140. This step creates escape paths (the 
gaps 142) for subsequent volatile decomposition products 
and also to remove portions of the top layer 140 from re- 
gions where the residual oxidation product (150, de- 
scribed below) from its decomposition is not desired. 

[0037] Note that the membrane portion 140a is disposed over 
the conductive lines 120a and 120b, spanning the filled 
gap (122a) therebetween. The gap 142b is disposed above 
the filled gap (122b) between the conductive lines 120b 
and 120c. The membrane portion 140b is disposed over 
the conductive lines 120c and 120d, spanning the filled 
gap (122c) therebetween. 

[0038] Next, the structure is exposed to an oxidizing ambient 
which initiates the decomposition of the polymeric mate- 



rials 130 and 140, as shown in Figure 4. Tiiis can be done 
using a liigli temperature process with a oxidizing ambi- 
ent (for example, above 250 C), or using a plasma of ox- 
idizing gases. During this treatment the lower layer 130 
will decompose substantially completely into volatile 
products (indicated by arrows 135) and the top layer 
140a, 140b will also decompose giving off volatile prod- 
ucts (indicated by arrows 145). After oxidizing, a thin skin 
(or membrane) is left behind, as shown in Figure 5. This 
thin membrane is composed of a oxide containing a sig- 
nificant amount of carbon. For the example of a silicon (Si) 
containing initial resist, the film will be a silicon- 
oxycarbonate. The membrane (collectively referred to as 
"150") comprises remnants 150a, 150b of the top polymer 
layer 140. 

[0039] jhe membrane 150 will have a thickness that is depen- 
dent upon the initial thickness of the top resist 140, the 
amount of the oxidizing element in the resist and the pro- 
cessing conditions. In order to have sufficient structural 
integrity (rigidity) to undergo future process it normally 
needs to be greater than of approximately 20-30 nm, and 
is rigid enough to create a capping layer on the underlying 
topography as shown in Figure 5, preferably capable of 



supporting a subsequent wiring level (not shown). The 
membrane 150 is oxide in nature and thereby relatively 
rigid. 

[0040] Air gaps 160a, 160b and 160c (collectively referred to as 
"160") are created between adjacent ones of the conduc- 
tive lines 120. Selected ones of the air gaps are sealed off 
by the portions of the membrane 150 capping the topog- 
raphy - for example, the membrane portion 150a covers 
and seals (closes off) the air gap 160a between conductive 
lines 120a and 120b, the membrane portion 150b closes 
off the air gap 160b between conductive lines 120c and 
120d. There are also "venting" holes 155 in the membrane 
150, such as between adjacent membrane portions 150a 
and 150b) where the volatiles products can be vented. 
(The venting hole 155 is shown over a gap 160c between 
conductive lines 120b and 120c.) Without periodic venting 
holes the film would be destroyed by the pressure of the 
underlying decomposition products. 

[0041] The materials of the two layers 130 and 140 are similar in 
that they both decompose in the same oxidizing environ- 
ment, and are different in the decomposition products. 
The base layer 130 decomposes completely into volatile 
products whereas the top layer 140 has nonvolatile prod- 



ucts which coalesce to form the thin mostly oxide mem- 
brane. For example, the top layer 140 would contain 
resin, a photoactive agent, and an organic compound 
containing the desired amount of the oxidizing element; 
and the bottom layer 130 would merely be the resin, and 
thus not patterned in the lithographic process. 
[0042] For an example of 248 nm lithography where polyhydrox- 
ystyrene based resists can be implemented. The top layer 
would have 10-12% Si (for this case) and the photoacid 
generator (PAG) whereas the base layer could be also 
based on polyhydroxystyrene but would be devoid of the 
PAG and Si. By using this bilayer resist formulation the 
bottom layer acts as an anti reflective coating (ARG) and 
the planarization of the bottom layer would improve 
lithography conditions. For lithography implementation 
the top layer usually is thin (>200nm) whereas the bottom 
layer is thicker (400-lOOOnm), however, depending on the 
desired requirements of the mesa/tabletop pattern the 
top layer could be tailored for membrane properties such 
as rigidity. 

[0043] The oxidation and decomposition of the bilayer to form 
the suspended membrane pattern could be achieved at 
relatively low temperature (T>200 G) and in a plasma en- 



vironment the conversion could be achieved with room 
temperature chuck temperatures. 
[0044] Finally, as shown in Figure 6, an interlevel dielectric (ILD) 
170 is deposited on the surface. This layer 170 can be 
oxide or other lower K dielectric materials to separate the 
existing wiring level from a next layer of wiring (not 
shown). During this deposition process, the venting holes 
155 will be pinched off thereby completely covering and 
sealing the air gaps 162 below. The deposition conditions 
of this ILD film 170 can be optimized such that a little di- 
electric is deposited in the air gap 162 through the vent- 
ing hole 155 before the deposition layer 170 closes the 
holes. This ILD layer 170 may serve as the beginning (or 
completion) of the dielectric layer the next wiring level 
(not shown, compare 110 which may be a previous ILD). 
The gaps 160a and 160b are prevented from being filled 
by ILD 170 since they are covered by membrane portions 
150a and 150b. The gap 160c, which is not capped off, 
can be at least partially filled by ILD 170, but is preferably 
not filled by ILD 170 which preferably simply seals the gap 
160c. 

[0045] In summary, a starting structure has conductive lines 120 
separated by gaps 122 which are not filled with anything 



(FIG. 1). The gaps are then filled with a first polymer 130 
and the first polymer 130 is covered by a second polymer 
140 (FIG. 2). The second polymer is patterned. (FIG 3). The 
two polymers are decomposed - the first polymer sub- 
stantially completely, the second polymer only partially 
(FIG. 4). Remnants 150 of the second polymer form a 
membrane which covers the conductive lines, and some of 
the gaps 160 are covered/sealed. (FIG. 5). An interlevel 
dielectric 170 is disposed atop the resulting structure, 
which seals any gaps which were not covered. (FIG. 6). 

[0046] Figures 7-11 illustrate an alternate embodiment whereas 
the incoming structure has a topography with troughs ex- 
tending into rather than features (conductive lines) dis- 
posed atop the surface of the substrate. 

[0047] Figure 7 shows an integrated circuit (IC) 200 comprising a 
substrate 202, and a layer 210 atop the substrate. A 
wiring layer 212 atop the layer 210 comprises dielectric 
material, and conductive lines 220a, 220b, 220c, 220d, 
220e (collectively referred to as "220") extending into 
(embedded in) the dielectric material. This is typical of a 
damascene process. The underlying layer (level) 210 can 
be diffusions, an underlying interconnect layer, an inter- 
level dielectric (ILD), etc. In the case of ILD, the underlying 



layer 210 often comprises silicon oxide or low-k dielectric 
material, and can be integral with the dielectric material of 
the wiring layer 212. (For this reason, the interface be- 
tween 210 and 212 is shown as a dotted line, rather than 
as a solid line, in Figure 7. In Figures 8-11, 210 and 212 
are shown as a single element 210.) Rather than gaps (or 
voids), there is dielectric material between adjacent ones 
of the conductive lines 220. This represents atypical in- 
coming (starting) interconnect (wiring) structure (level) 
used in IC manufacturing. 

[0048] In this embodiment, troughs 222a, 222b, 222c, 222d 
(collectively referred to as "222") are etched, using any 
suitable process, into the surface of the dielectric material 
of the wiring layer. These troughs could be formed by 
patterning and etching the surface of the layer 212. 

[0049] The conductive lines 220 typically all have substantially 
the same height - e.g., approximately 500 - 1000 nm. 
The troughs 222 may extend into the layer 212 as deep as 
the conductive lines 220, not as deep as the conductive 
lines 220, or deeper than the conductive lines 220. 

[0050] In this example, the trough 222a is disposed between the 
conductive lines 220a and 220b, and extends to a depth 
substantially equal to the height of the conductive lines 



220. Also, the trough 222a is shown as being not as wide 
as the gap between the two conductive lines 220a and 
220b. Hence, there is dielectric material 212 on the 
trough-facing sides of the conductive lines 220a and 
220b. 

[0051] The trough 222b is disposed between the conductive lines 
220b and 220c, and is shallower than the height of the 
conductive lines 220. Also, the trough 222b is shown as 
being as wide as the gap between the two conductive lines 
220b and 220c. Hence, there is no dielectric material 212 
on the trough-facing sides of the conductive lines 220b 
and 220c. 

[0052] The trough 222c is disposed between the conductive lines 
220c and 220d, but is not as wide as the gap between the 
two conductive lines 220c and 220d. Hence, there is di- 
electric material 212 on the trough-facing sides of the 
conductive lines 220c and 220d. 

[0053] The trough 222d is disposed between the conductive lines 
220d and 220e, and is shown as being deeper than the 
height of the conductive lines 220, as well as extending to 
a side surface of the conductive line 220e. In this case, 
using a wet etch (for example), the exposed side surface 
of the conductive line 220e could be undercut (not 



shown), which may (in some circumstances) be desirable. 

[0054] Different size and shape troughs 222 are shown in Figure 
7 simply to illustrate the concept that the starting struc- 
ture has troughs in a surface of a layer which is a wiring 
layer. In Figures 8-11, the troughs 222 are shown having 
a single, uniform depth, and the conductive lines 220 are 
omitted, for illustrative clarity. The layers 210 and 212 are 
shown as a single ILD layer 210. 

[0055] Although the starting structure is different, the process of 
forming air gaps is essentially the same in Figures 8-11 
as it was in Figures 2-6. (Figure 8 corresponding to Figure 
2, Figure 9 corresponding to Figures 3-4, Figure 10 cor- 
responding to Figure 5, and Figure 11 corresponding top 
Figure 6). 

[0056] The troughs 222 are filled with a first polymer 230 

(compare 130) and the first polymer 230 is covered by a 
second polymer 240 (compare 140). The first polymer 230 
also covers the top surfaces of the conductive lines 220. 
See FIG. 8. 

[0057] The second polymer 240 is patterned, leaving portions 

240a, 240b, 240c (compare 140a, 140b, 140c) separated 
by gaps 242a, 242b (compare 142a, 142b). See FIG. 9. 

[0058] The two polymers are decomposed - the first polymer 



substantially completely, the second polymer only par- 
tially. Remnants 250a, 250b, 250c (compare 150a, 150b) 
of the second polymer form a membrane 250 (compare 
150) which covers the surface of the ILD 210. Some of the 
troughs (222b, 222d) are covered/sealed, while others 
(222a, 222c) are not covered by membrane 250. See FIG. 
10. 

[0059] Selected troughs (compare air gaps 160) are sealed off by 
the portions of the membrane 250 capping the topogra- 
phy - for example, the membrane portion 250b covers 
and seals (closes off) the trough 222b between conductive 
lines 220b and 220c. There are also "venting" holes in the 
membrane 250, such as a venting hole 255a over the 
trough 222a, and a venting hole 255b over the trough 
222c, where the volatiles products can be vented. Also, 
portions of the dielectric layer 210 can remain exposed 
(not covered by material 240 or membrane 250. 

[0060] An interlevel dielectric 270 (compare 170) is disposed 
atop the resulting structure, which seals any troughs 
which were not covered. See FIG. 11. Again patterning 
techniques are used to create escape vents for the de- 
composition products. 

[0061] The invention has been illustrated and described in a 



manner that should be considered as exemplary rather 
than restrictive in character it being understood that all 
changes and modifications that come within the scope of 
the invention as set forth in the claims. For example, 
rather than creating air gaps in a wiring layer, air gaps can 
be created in a dielectric layer. For example, imagine Fig- 
ure 8 (without the conductive lines, which were omitted 
from the view). In this manner, both dielectric constant 
and thermal properties can be controlled locally, using 
conventional processes. For example, in a manner similar 
to that described in the aforementioned US Patent No. 
6,472,740, the gaps 160 may be filled with a gas such as 
N , Ar, Xe, He, Kr or SF . 
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